Introduction
Although for many patients with diffuse systemic sclerosis (SSc), the major impact of SSc may be from involvement in the visceral organs (e.g., heart, lung, kidneys, and gut in particular); there are some diffuse SSc patients whose major involvement and morbidity lies in the skin itself. In part, this issue is related to a progressive loss of function in Activities of Daily Living (ADLs) associated with increasing skin thickness (there is a strong correlation between skin thickness as assessed by the modified Rodnan Skin thickness Score (mRSS) [1] and function as assessed by the Disability Index of the Health Assessment Questionnaire (HAQ-DI)). The loss of function is usually caused by the increasing contractures of small and large joints [2] . In addition, patients with early diffuse SSc often complain of diffuse itching, musculoskeletal (MSK) pain, and fatigue, particularly in the first few years of SSc. After the skin thickness stabilizes and then begins to improve, function may improve some and the symptoms of fatigue, body aching, and itching may also improve as the skin softens (mRSS decreases).
Needless to say, many patients with diffuse skin thickening will have concurrent problems of MSK pain, fatigue, itching, and joint contracture, and at times these symptoms may be severe enough for patients to seek treatment for these skin-related issues alone. Unfortunately, about 6-12 % of SSc patients (mixed limited and diffuse SSc) will have inflammatory myositis [3, 4] , about 40 % will have progressive interstitial lung disease [5] , 16 % will have "synovitis" [6] , and 22 % will have tendon friction rubs [7] that may require immunosuppressive medical treatments themselves [8] . The treatments for these other organ involvements may influence treatment decisions for thick skin (Fig. 1 ).
Treatments
We have tried to present the level of evidence for the use of treatments where evidence actually exists. The levels of evidence are as follows: (A) two randomized controlles trials (RCTs) or one meta-analysis, (B) one RCT or one nonrandomized trial, and (C) expert opinion [9] . The level of evidence has influenced our recommendations in that if a treatment has level A evidence, it is preferred. If no level A evidence is available, then level B evidence is recommended. If no level A or B evidence is available, then level C expert opinion is recommended. There are modifying factors in some cases such that level B evidence may be recommended over a level A recommendation but that is explained in the text.
Treating thick skin by itself
Several treatments have been shown in RCT to decrease skin thickness at a rate faster than nature would alone: methotrexate (MTX) [10, 11] , cyclophosphamide (CYC) [12, 13] , autologous stem cell transplant (ASCT) [14••] , and rituximab (RTX) [15] have all been shown in one or more published RCT to significantly decrease skin thickness as measured by the mRSS. Mycophenolate mofetil (MMF) has been shown in one RCT to significantly decrease skin thickening, but this RCT has been reported in abstract only [16, 17••] . Tocilizumab (TCZ) has shown trends in decreasing skin thickness faster than a placebo in one RCT reported in two abstracts (at 24 and 48 weeks) [18, 19•] . Intravenous immunoglobulin (IV-Ig) has shown promise in case series and longitudinal series to decrease skin thickness, but its efficacy has not been proven in a RCT in SSc [20] .
Although support for therapeutic options can be guided by the literature, it is important to fine tune each treatment option to the patient's current presentation. Factors such as age of the patient, male gender, child-bearing potential, rapidity with which skin thickening progresses [21] , years from the onset of disease, and other organ involvements all play a role in the final treatment options. Additionally, and this may be a general rule, although support may exist for particular indication, this may not necessarily equate with an applicable mode of treatment when considering the risks and benefits of treatment options and patient's current condition. Take for instance the case of a 24-yearold female, gravida zero para zero (G 0 P 0 ), with the onset of disease (from the first non-Raynaud symptom) occurring 1.5 years previously, and mRSS of 10: for this patient, the physician may opt to treat with MTX as the first option (taking into account birth control issues where applicable). Additionally, MMF and RTX can serve as attractive alternative options. One could also consider the use of TCZ despite the fact Consider the same 24-year-old female, G 0 P 0 , with the same disease onset (1.5 years), with skin score of 34 that has increased by 5 units over the past 3 months and tendon friction rubs over the anterior ankles. In this case, the patient demonstrates features that suggest high-risk/poor-prognosis disease (rapidly progressive skin thickening and tendon friction rubs) [21] . A third feature that can suggest poor prognosis is a baseline HAQ-DI of ≥1.0. Given the marked (and significant) progression of her skin score, the physician may opt to continue to use MTX or switch to CYC as the first options. Conversely, MMF, RTX, TCZ, IV-Ig, or ASCT may be used as alternative therapies. Keep in mind that, in both scenarios discussed, CYC could be the least favorable option in treating fertile females because of the high risk of premature ovarian failure despite RCT support. On the other hand, if the same patient were a 24-year-old male patient with what appears to have rapidly progressive skin disease (two poor prognostic signs: male and rapidly progressive skin thickening), then treatment options might include an earlier consideration of CYC or ASCT as opposed to maintaining the patient on MTX or other treatment options as discussed above.
Treating skin thickening with progressive interstitial lung disease
Several treatments have been shown to stabilize/improve the progression of interstitial lung disease in SSc: CYC [12, 13] , MMF [16, 17••] , ASCT [14••] , and RTX [15] have been shown in at least one RCT each to significantly slow progression of, or to improve, lung physiology (specifically force vital capacity (FVC) as percent predicted) over the treatment period. TCZ has shown trends in one RCT to slow progression of, or to improve, lung physiology, but the results have been reported only in abstract form [18, 19•] . All of these treatments have also been shown in RCTs to decrease skin thickness as noted above in the previous paragraphs.
When presented with the scenario of our 24-year-old female, now presenting with an mRSS of 10 and associated decreases in FVC (G75 %) and diffusing capacity of the lungs for carbon monoxide (DLCO) (G65 %), our options may then shift to medications that potentially could treat both aspects of this patient's condition, namely the skin and lung. Hence, in considering the treatment options, we may opt to forgo CYC (for fertility reasons) but may consider the use of MMF, RTX, TCZ, or ASCT, being cautious because of potential pregnancy issues. However, in the scenario of an older, no-longer fertile female patient, or an adult male patient of any age, one may opt to consider CYC as well as those listed above. If one were to detect worsening of %FVC and/or interstitial lung disease (ILD), for example in a 35-year-old female with an mRSS of 24 and evidence of ILD with declining FVC of 910 % (as % predicted), or DLCO of 915 % per year (as % predicted) [22••] and with evidence of ground-glass opacities (GGO), reticulations, and honeycombing on high-resolution CT scan (HRCT), our treatment options are perhaps clearer: the use of MMF being primary (for fertility issues) and IV-CYC being secondary. If fertility is not an issue, then CYC or MMF would be primary and RTX and TCZ would be secondary. Consideration also may be given to ASCT, which was studied in early diffuse SSc patients who had mild to moderate heart, lung, or kidney involvements [14••] . The trial showed improvements in lung physiology, general ADL function, survival, and SF-36 in ASCT compared to IV-CYC monthly.
Pregnancy, at any juncture in the treatment of SSc skin and ILD disease, presents a challenging treatment dilemma. Consider, for instance, a 32-year-old female with disease duration of 18 months, an mRSS of 24, and evidence of mild-moderate ILD on HRCT. To treat this patient, treatment options may be limited to the use of azathioprine (AZA) (AZA was given a "yes" during pregnancy according to the ACR recommendations while the ACR gave a "no" to TCZ, CYC, and MMF during pregnancy) [23] . Be aware, however, that the use of AZA in SSc-ILD is limited, as it was used only in a RCT for maintenance therapy rather than induction [12] .
Treating thick skin with concomitant inflammatory myositis
There are no treatments that have been shown by RCT to treat inflammatory myositis in the context of diffuse SSc. There is one published RCT that showed that intravenous immunoglobulin (IV-Ig) significantly improved the muscle disease of primary dermatomyositis [24] .
Let us evaluate the case of a 34-year-old female, G 0 P 0 , with an 11-month history of SSc, who presents with diffuse swelling of the hands, fore/upper arms, thighs, and feet with associated difficulty rising from a chair. Her complete evaluation showed elevated creatine kinase and "irritable myopathy" on EMG, and biopsy was consistent with inflammatory myositis. Serologic evaluation showed that her RNA polymerase was negative. Her symptoms have been worsening for the past 3 months. Despite the paucity of data supporting the use of immunosuppressive therapy in SSc-associated myositis, one may opt not to use prednisone for fear of initiating renal crisis in a patient with diffuse SSc and opt instead to use IV-Ig as a stand-alone therapy. Alternatively, one may consider (although reluctantly) to use corticosteroids along with MTX, IV-Ig, MMF, RTX, or AZA.
Treating skin thickening in patients who have SSc-related arthritis
Seronegative arthritis in the context of SSc has not been well studied, and there are no RCT data to show that any treatments are effective for SSc-related arthritis [25•, 26•] . Those SSc patients who also have seropositive (anti-CCP) RA, however, should be treated as if they had RA alone.
Take for example a case of a 35-year-old active avid surfer female with an overlap syndrome of RA (RF+, CCP+) and SSc with an mRSS of 10 and stable FVC and DLCO near normal. Given the features presented in this scenario, one may lean towards treating the arthritis initially and not so much skin, with MTX alone or combined with triple therapy, LEF, or TNF-i. Alternatively, RTX or TCZ may be attractive treatment options. If, on the other hand, this same 35-year-old female with seropositive RA had diffuse SSc with a mRSS of 24, then MTX, RTX, and TCZ might treat both diffuse skin thickening and polyarthritis.
If we were to consider a situation where a patient with SSc has features of inflammatory seronegative arthritis, we may favor the use of DMARDs (including MTX, HCQ, sulfasalazine, and/or leflunomide (LEF)) or a combination of the aforementioned treatments. Moreover, if we were to consider a 68-year-old female with overlap syndrome with features of SSc with limited cutaneous scleroderma and seronegative polyarthritis with evidence of ILD on exam, our treatment options may shift to a course that better addresses ILD rather than isolated polyarthritis, such as CYC, MMF, ASCT, and TCZ.
Treating SSc skin disease in the setting of severe GI symptoms GI symptoms including severe GERD, difficulty swallowing, gastric dysmotility, bacterial overgrowth, and malabsorption (among others) are present in up to 80 % of SSc patients and often contribute to increased morbidity and mortality [27] . Although the majority of GI involvements are treated symptomatically, at times and if severe, these symptoms often may present a hurdle in treating skin disease. Therapeutic options that bypass the GI system may then present as more viable options in treating SSc skin disease.
For example, a 45-year-old female with a 3-year history of diffuse SSc and inflammatory synovitis (seronegative) presents for an evaluation regarding her persistent skin thickness. She has a number of hospitalizations related to decreased motility, abnormal bowel habits with alternating diarrhea and constipation, and symptoms/signs of malabsorption/pseudo-obstruction. Her examination reveals a skin score of 15. She is particularly concerned about the use of her hands, as they feel swollen and painful. Given the predominance of GI symptoms in this patient, oral therapies may be of limited use. The physician may consider parenteral MTX [28] , TCZ, RTX, IV-Ig, or CYC. If she were also to have progressive ILD, the physician could consider using IV-CYC initially and consider RTX or TCZ secondarily.
Therapeutic agents: evidence of efficacy (see Table 1) Methotrexate MTX was studied in two RCTs [10, 11] that showed statistically significant efficacy in decreasing skin thickness (using mRSS) in SSc. There are no RCTs that have evaluated MTX in treating myositis or arthritis in SSc although expert opinion suggests that MTX may be efficacious in treating myositis and arthritis in SSc. Caution should be exercised when switching MTX treatment routes: Because the subcutaneous form of MTX is more readily bioavailable, a 25-mg subcutaneous dose may be equivalent to 30 mg orally [28] .
Cyclophosphamide
CYC has been studied in three RCTs [12, 13, 16, 17 ••] that showed significant efficacy of CYC in halting/improving the progression of SSc-ILD: two were published and one has been reported in abstract form only. Two of the above RCTs also showed that CYC was significantly efficacious in decreasing the skin thickness of diffuse SSc [13, 16, 17••] . Although oral CYC was used in several of the RCTs noted above, evidence elsewhere suggests that CYC can be given intravenously, in large part to reduce cumulative dose (for example, the cumulative annual dose IV may be 12 g whereas the annual oral dose may be 36 g). Additionally, the IV form of CYC as prescribed in rheumatic diseases is associated with a lower risk of cystitis, and in turn, a lower risk of bladder cancer [29] .
Mycophenolate mofetil
MMF has been studied in one RCT [16, 17••] that showed significant efficacy of MMF in decreasing skin thickness and halting/improving the progression of SSc-ILD. There are no RCTs that have evaluated 
Rituximab
RTX has been studied in one RCT [15] that showed significant efficacy of RTX in decreasing skin thickness and halting/improving the progression of SSc-ILD. There are no RCTs that have evaluated RTX in treating myositis or arthritis although expert opinion suggests that RTX may be efficacious in treating myositis and arthritis of SSc.
Tocilizumab
TCZ has been studied in one RCT [18, 19•] that showed trends for efficacy in decreasing skin thickness and halting/improving the progression of SSc-ILD (reported in abstract form at 24 and at 48 weeks).
Intravenous immunoglobulin
IV-Ig has been studied in one RCT [24] that showed significant efficacy in improving strength in inflammatory dermatomyositis. In an open longitudinal study, IV-Ig use was associated with a decrease in skin fibrosis (using the mRSS) [20] . There are no RCTs that have evaluated IV-Ig in treating skin thickness, arthritis, or myositis of SSc or halting/slowing the progression of ILD in SSc although expert opinion suggests that IV-Ig may be efficacious in treating myositis and arthritis of SSc.
Autologous stem cell transplantation
ASCT has been studied in one RCT [14••] that showed significant efficacy in decreasing skin thickness, halting/slowing the progression of ILD, improving function (HAQ-DI), and improving the physical component of the SF-36.
Other treatments
There are no RCTs that have evaluated TNF-inhibitors, hydroxychloroquine, leflunomide, or azathioprine in treating skin thickening, myositis, or arthritis of SSc. Expert opinion suggests that one or more of the aforementioned treatments may be efficacious in treating skin thickness, myositis, or arthritis in SSc. Of note, Hoyles et al. reported on the use of AZA in the setting of maintenance rather than induction therapy in one RCT in the setting of ILD in SSc [12] . Its place in the SSc therapeutic armament in general has not been adequately defined.
Choosing treatment options
When choosing treatments, consideration should be given to poor prognostic indicators such as tender friction rubs, male gender, African American race, and rapidly progressive skin changes in addition to concomitant organ involvement as discussed above. The presence of one or more of these prognostic indicators suggests that SSc will have a more aggressive course and may require a more aggressive therapeutic approach. It is important to bear in mind that despite the fact that some treatments are supported by randomized controlled trials, clinical experience and trends for improvement or worsening may be important in the day-to-day treatment of patients with scleroderma. Tailoring treatment options to each patient's specific needs may involve several different regimens. The options provided above are meant to guide the practicing rheumatologist in treating skin thickening in SSc patients. Variability in the choice of treatment may also be guided by the experiences and comfort of the rheumatologist with each treatment regimen.
Duration of treatment
As a rule of thumb, in our practice, any treatment modality chosen is carried out for at least 6 months. During this time, trends for improvement or lack thereof are followed closely and further critical treatment decisions are made. Treatment for diffuse skin thickening is often continued until skin thickening has decreased sufficiently (often when the mRSS has declined to 6-10 units). On the other hand, if skin thickness is not improving by 6-12 months, an alternative treatment option can be considered. When it comes to treating synovitis (tender and/or swollen joints), long-term treatment plans are quite the norm. In the meantime, switching treatment options can be considered if synovitis is not improved following 3-6 months of treatment. When interstitial lung disease and skin thickening are concurrent concerns, we obtain PFTs at 3-month intervals to determine trends in %FVC and %DLCO. Since it is important to keep in mind that declines of ≥10 % in FVC and/or ≥15 % in DLCO over 6-12 months are predictors of further losses of lung function, any such declines should warrant treatment reassessment. The treatment for myositis is also generally long term, and switching modes of treatment could be considered on a case by case basis. Overall, the treating physician may choose to change treatment following 6 months of treatment.
Future direction
Skin involvement in SSc continues to be a palpable therapeutic challenge to the treating rheumatologist. To date, no specific treatment has been shown to be single-handedly effective in treating skin fibrosis. Clinical trials investigating the role of potential treatments in SSc skin are ongoing. In fact, a review of http://clinicaltrials.gov/ reveals a number of RCT where the primary or secondary focus is to evaluate the effect of a number of treatments on skin thickening in SSc. Such investigations involving the use of IV-Ig, MMF, TCZ, bortezomib, belimumab, rituximab, abatacept, TCZ, and ACST are underway. Current research continues to target a number of aspects and potential pathways that may be involved in SSc: inflammatory, pro-fibrotic, signal transduction, and transcription factors for example. Great strides have been made in the evaluation and treatment of SSc skin disease, and we are hopeful for identifying effective therapeutic options.
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